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Abstract 
In the São Francisco Valley, Northeast Brazil, an evaluation of the regulated 
deficit irrigation (RDI) and partial rootzone drying (PRD) has been performed in 
winegrape cv. ‘Syrah’ grafted on rootstocks ‘IAC 572’ and ‘1103 P’. Crop coefficients 
(Kc) throughout the vineyard establishment and the 1st cycle was estimated. RDI 
(depletion until 60% of total available soil water, initiated at the beginning of fruit 
maturation) and PRD (14 days watering of one side of the vine, initiated at fruit set) 
were tested in the 1st cycle. Water amount applied was slightly lower in PRD, so water 
use efficiency was slightly higher than RDI. Phenology, physiological measurements 
(net photosynthesis, transpiration, stomatal resistance, leaf water potential), yield, 
cluster number and weight, total soluble solids, and total titratable acidity were not 
influenced by irrigation strategies. Only phenol concentration was higher with PRD 
strategy. Further evaluations throughout growing seasons are needed to remarkable 
conclusions. 
 
INTRODUCTION 
The São Francisco Valley, in the semi-arid area of Northeast of Brazil, has 
presented a remarkable increasing of wine grape growing area since 1999. Beside the 
possibility of two harvest per year, the wines produced in this tropical semi-arid region 
have a typical taste, however local experimentation is needed to support this cropping and 
to specify an adequate management for vineyards to improve grape and wine quality. The 
balance between the vegetative and reproductive development, or the vine balance, is 
considered an important practice to obtain the desirable wine grape quality. Since an 
excess of shoot vigour have undesirable consequences for fruit composition, the water 
control is an important tool to achieve this balance, particularly in irrigated vineyards, as 
in all orchards from São Francisco Valley. 
The partial rootzone drying (PRD), which is based on the water application in only 
one side of the root system, and the regulated deficit irrigation (RDI), which is based on 
the reduction of amount of applied water, have been proposed for managing grapevine 
growth and improving fruit quality (McCarthy, 1997). The PRD system is thought to rely 
on hormonal signals (abscisic acid, ABA) originating from the roots in response to low 
soil water potentials within the 'dry' zone (Stoll et al., 2000) and it has been well 
documented that PRD has the potential to reduce vigour, improve quality, maintain yield 
and improve water-use efficiency (Dry and Loveys, 1998). The purpose of this study was 
to evaluate the root distribution, water consumption and crop coefficient in the vineyard 
establishment period, and the phenology, growth, physiological behavior, water consump-
tion and crop coefficient in grapevines cv. Petite Syrah as function of different rootstocks 
and irrigation strategies in São Francisco Valley. 
 
MATERIAL AND METHODS 
The experiment was carried out in an experimental field of Embrapa Tropical 
Semi-Arid, in Petrolina (09o 09’ South, 40o 22’ West, 365.5 m), Pernambuco State, Brazil. 
The winegrape variety of Vitis vinifera L studied was ‘Syrah’, grafted on ‘IAC 572’ and 
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‘1103 P’. Grapevines were planted in September 2002, in a grid spacing of 3 x 1.5 m, and 
have been irrigated by drippers (4.3 L h-1) and supported by a thee-wires vertical trellis 
system, in the north-south direction. Twelve months after planting (September 2003) 
plants were pruned (establishment).  
The root system distribution of the rootstocks was analysed by the soil profile 
method aided by digital image analysis (Bassoi et al., 2002; Bassoi et al., 2003) on March 
2004, before the 1st production pruning on April 2004. The values of root length of each 
0.2 m soil layer were analyzed by T-test against depth and rootstock for each grapevine, 
using a repeated measures design, with six replications (Morano and Kliewer, 1994).   
In the 1st cycle, the duration of phenological periods were observed in selected 
shoots (2 shoots per plant, 5 plants per irrigation/rootstock treatment), and in the same 
shoots, the growth was evaluated by weekly measuring of its length and diameter, and 
number of nodes. A flexible ruler and a digital caliper were used to measure length and 
diameter, respectively. The average internode distance was estimated by the shoot length / 
number of nodes ratio. 
The crop evapotranspiration (ETc, mm) was measured by the water balance in 
situ, from January 2003 (3 months after planting) to March 2004 (18 months after 
planting – end of vineyard establishment) and from April to August 2004 (1st cycle). Soil 
water storage and upward and downward fluxes within 1.2 m soil depth were measured 
by neutron probe and tensiometers, while irrigation depth was calculated by irrigation 
time versus dripper flow. Runoff was considered negligible. Rainfall was recorded by an 
agrometeorological station located close to the experimental site. The reference evapo-
transpiration (ETo, mm) was calculated by Penman-Monteith method (Allen et al., 1998) 
for the same periods. The crop coefficient (Kc) was estimated by the ETc/ETo ratio.  
During the vineyard establishment period there was no water restriction to plants 
from both irrigation treatments (partial rootzone drying - PRD and regulated deficit 
irrigation - RDI). In the 1st cycle, PRD treatment irrigation system had two drip tubes, one 
in each side of the plant row, and water was applied alternating each 14 days to only in 
one side of the rootzone, allowing other half to dry. The PRD treatment was imposed at 
the fruit set (47 days after pruning - dap), whereas in RDI, which had one drip tube per 
plant row, the water was decreased after veraison (91 dap) and the soil humidity was kept 
around 60% by more 4 water applications at 103, 107, 110 and 144 dap. The irrigation 
scheduling was performed based on tensiometers installed at 0.2, 0.4, 0.6, 0.8 and 1.0m 
depth, and frequency ranged from 3 to 5 times per week. The soil water monitoring was 
made to confirm the optimum soil water availability to the plant growth and, 
consequently, to contribute to the maximum crop evapotranspiration until the veraison in 
the RDI treatment and in the whole cycle in the PRD treatment. 
The irrigation efficiency (IE, %) was estimated by the ETc / Wg  ratio, where Wg 
means the gross amount of irrigation water plus the soil water storage variation (mm) 
(Burt and Styles, 1999). The water use efficiency (WUE, %) was estimated by the Y / Wg 
ratio, where Y means the total yield of clusters per ha (kg.ha-1) and Wg (m3.ha-1).  
At 106 dap, photosynthesis, transpiration, stomatal resistance, and leaf tempera-
ture were measured by an IRGA device LI-6200. Plant water status was monitored by 
measuring leaf water potential throughout the day and the season using a Scholander-type 
pressure chamber. The measurements were done in sun-exposed leaves collected from the 
main shoots (4 measurements per leaf, 5 plants per irrigation-rootstock treatment). 
The yield, number and weight of bunch.plant-1, and the number and weight of 
berries.bunch-1 were measured. The total soluble solid content (TSS, oBrix) and total 
titratable acidity (TTA, % tartaric acid) were determined following the procedures 
described by AOAC (1992) and (ITAL, 1985), respectively. Anthocyanin and phenol 
concentration were measured following the procedure described by Reicher et al. (1981).   
The experimental design consisted of a randomized block design with two factors 
(irrigation and rootstock) and 5 replicates (3 lines with 9 plants) per treatment, to analyse 
phenology, vegetative growth, physiology, yield characteristics, and berry quality. Before 
the use of PRD and RDI, there was one factor (rootstock) and 10 replicates.  
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RESULTS AND DISCUSSION 
 
Root Distribution 
In the vertical direction, the root length from both rootstocks reached 1 m depth, 
but differences were found only at 0-0.2 m soil layer, where ‘IAC 572’ presented higher 
values (data not shown). Differences were also found on percent distribution at 0-0.2 m 
depth (45% from ‘IAC 572’ and 32% from ‘1103 P’) and at 0.2-0.4 m depth (26% from 
‘IAC 572’ and 33% from ‘1103 P’). Around 80% of roots from both rootstocks were 
found at 0.6 m soil depth, and 91% and 95% from ‘1103 P’ and ‘IAC 572’, respectively, 
at 0.8 m.   
In the horizontal direction and inside the plant row, ‘1103 P’ showed higher values 
in the 0-0.2 m distance from the trunk, while ‘IAC 572’ was greater in the 0.6-0.8 m 
distance (data not shown). Significant differences were observed when percent 
distribution was analysed (52% and 33% at 0-0.2m, 13% and 22% at 0.4-0.6m, and 8% 
and 21% at 0.6-0.8m, from ‘1103 P’ and ‘IAC 572’, respectively). It seems that ‘1103 P’ 
have developed their roots closer to the trunk while IAC 572 have spread their roots over 
a greater soil volume. At 0.4 and 0.6 m distance, it was found approximately 78% and 
91% (‘1103 P’), and 57 and 79% (‘IAC 572’), respectively, which indicates a better 
horizontal distribution inside the row for the latter rootstock.  
In the horizontal direction and towards the inter row, there was no differences 
between rootstocks. The distance reached by the roots was greater (1.0 m) than the wetted 
area (0.5 from row in each side of the plant), but a sharp decrease has occurred beyond 
the distance of 0.4 m from the trunk. Around 59 and 51 % (0-0.2 m) and 32 and 32% (0.2-
0.4 m) were found to ‘1103 P’ and ‘IAC 572’, respectively. 
 
Phenology 
The total length of the 1st cycle was 124 days (Table 1). Irrigation water manage-
ment was the same until the F3 phenological stage for both rootstocks, and no differences 
were observed between them. The F4 stage duration was higher to factors PRD / ‘1103 P’ 
while the opposite was observed in the next stage (F5) to RDI / ‘IAC 572’ factors. The 
differences observed were too small and they have no practical importance. There were 
no significant interactions, so the factors were analysed together.  
 
Water Consumption, Crop Coefficients and Irrigation Efficiencies 
The Kc values for cv. ‘Syrah’ grafted on both rootstocks were the same throughout 
the vineyard establishment period (Table 2).  
The irrigation management was the same to all treatments until 47 dap. PRD and 
RDI managements were imposed at 47 and 91 dap, respectively. The average daily ETc 
values were within the values reported by Winkler et al. (1974) and Doorembos and 
Kassam (1979). No differences were found among all treatments. But from F2 to F4 
phenological stages, slightly higher Kc values were observed in ‘IAC 572’ rootstock. In 
F4 and F5 stages, after the beginning of PRD and RDI managements, respectively, the Kc 
values were higher in PRD, and more evident to the rootstock ‘IAC 572’ (Table 3). 
The amount of applied water was the same to RDI/’1103 P’ and RDI/’IAC 572’ 
treatments, as well as in PRD/’1103 P’ and PRD/’IAC 572’ (Tab. 4). A higher ETc was 
observed in RDI/‘IAC 572’ which is corresponded by the higher Kc in the same 
treatment, and a lower in the RDI/’IAC 572’. The average Wg and Wc were higher in 
RDI, as a consequence of the lower wetted soil volume in PRD (50 % lower than RDI). 
Higher Wc was observed in RDI/’1103 P’, and in the PRD, rootstock ‘IAC 572’ has 
allowed a higher Wc. PRD has been delayed for 5 days, so we expect that this water 
saving could be higher. A more considerable reduction on water consumption by PRD 
strategy has been reported (Dry et al., 1996; Kang et al., 1998). The ÌE values showed a 
range from 73.3 % (PRD/’1103 P’) to 90.5 % (PRD/’IAC 572’), while WUE was higher 
in PRD, being the rootstock ‘IAC 572’ more efficient than ‘1103 P’.  More expressive 
results were reported by Loveys et al. (1999) and Dry et al. (2000a,b). 
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Diurnal Changes in Leaf Water Potential Photosynthesis, Stomatal Resistance and 
Transpiration in a Sunny Day at 106 DAP (Ripening Period) 
The irrigation treatments and rootstocks did not influence the grapevine leaf water 
status (Fig. 1a). All treatments showed the highest photosynthetic rates in the morning. 
However, there were no statistically significant differences among treatments throughout 
the day (Fig. 1 b). The stomatal resistance and transpiration were also not affected by 
treatments (Fig. 1 c,d). The main PRD effect on grapevine water status has been attributed 
to reduction in stomatal conductance and/or reduced vegetative growth due to increase of 
ABA xylem and decrease in cytokinin as showed in the experiments where PRD is 
compared to a control where the double of water is applied (Stoll et al. 2000). The 
differences in soil water content between PRD and RDI have occurred in the upper 0-0.6 
m soil layer (data not shown). Besides, the vine water status and gas exchange 
measurements were similar in both deficit irrigation strategies. The regulation of PRD is 
very subtle when compared to other deficit irrigation strategies as recently showed by 
Souza et al (2003; 2005). 
 
Yield and Berry Quality 
There was no effect of irrigation strategies on yield, number of bunches per plant, 
average bunch weight, average of berries per bunch, average berries weight, TSS, TTA 
(Table 5). However, ‘IAC 572’ has showed different results (yield, average bunch weight, 
average berries weight, TSS) from ‘1103 P’. The ‘IAC 572’ root system showed a higher 
concentration in the upper soil layer, and as a greater soil volume is exploited, greater 
water consumption took place, together PRD, and a higher yield. The number of bunch 
per plant was not affected by rootstocks, and the heavier bunches in ‘IAC 572’ was a 
consequence of heavier berries on it. No significant differences were observed in 
anthocyanin levels, but phenol concentration was higher with PRD. No differences were 
observed on TSS, TTA, and anthocyanin levels when PRD was compared with irrigation 
with 50% of ETc, but phenol levels was positively affected by PRD (Santos et al., 2003). 
The TTA, colour, and glucose level were higher with PRD (Dry et al., 1996). The TTA 
and anthocyanin level were higher with RDI in one growing cycle, when compared with 
water application based on 40% and 100% of ETc throughout the whole cycle, and 
without irrigation until veraison and 100% of ETc in the rest of the cycle. The phenol 
level and colour intensity were significant higher with RDI between ripening and harvest, 
when compared with 100% of ETc throughout the whole cycle (Ferreyra et al., 2002). 
 
CONCLUSION 
Around 80% of roots from ‘IAC 572’ and ‘1103 P’ rootstocks were found until 0.6 
m depth. Nevertheless, ‘IAC 572’ showed greater root presence at the upper 0-0.2 m and a 
wide spread distribution inside the plant row and in the direction of inter row. Irrigation 
strategies (PRD and RDI) and rootstocks had a minimum influence on grapevine 
phenology, without practical importance. PRD and RDI did not affect yield (except for 
phenol concentration which was higher in PRD), physiological behavior and plant 
growth. Water consumed by grapevines was lower in PRD, and ‘IAC 572’ showed higher 
plant growth, yield, average bunch weight, average berries weight, and TSS. Further 
evaluations throughout growing seasons are needed to remarkable conclusions. 
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Tables 
 
 
 
Table 1. Phenological periods (days) of cv. ‘Syrah’, as function of irrigation management 
(partial rootzone drying-PRD and regulated defict irrigation-RDI) and rootstocks 
(1103 P and IAC 572), in Petrolina, Brazil. 
 
 P1 P2 P3 P4 P5 Total 
RDI - - - 40 a 42 b 124 
PRD - - - 41 b 41 a 124 
1103 P 9 a 25 a 8 a 41 b 41 a 124 
IAC 572 9 a 25 a 8 a 40 a 42 b 124 
Values followed by the same letter did not differ within factors RDI and PRD and 1103 P and IAC 572 by F 
test (P > 0.05). Pruning to bud burst (P1) – Bud burst to flowering (P2) – Flowering to fruit set (P3) – Fruit 
set to veraison (P4) – Veraison to harvest (P5).  
 
 
 
Table 2. Crop coefficient (Kc) of ‘Syrah’ grafted on rootstocks IAC 572 and 1103 P. 
 
stages days after planting 1103 P IAC 572 
initial development 1 125 - 384 0.7 0.7 
formation pruning 2 to flowering 3 12 -   40 0.5 0.5 
flowering to harvest 4 41 -   96 0.8 0.8 
1- from planting (January 2003) to formation pruning (9th of October 2003); 2 – 19th of November, 2003; 3 
– 26th of December, 2003; 4 - harvest on 26th of January, 2004. 
 
 
 
Table 3. Reference evapotranspiration (ETo, mm.day-1), crop evapotranspiration (ETc, 
mm.day-1) and crop coefficient (Kc) to the cv. ‘Syrah’ grafted on rootstocks 1103 P 
and IAC 572 and under partial rootzone drying (PRD) and regulated deficit irrigation 
(RDI) in Petrolina, Brazil. 
 
RDI / 1103 P RDI / IAC 572 PRD / 1103 P PRD / IAC 572 Phenology  ETo 
ETc Kc ETc Kc ETc Kc ETc Kc 
P1 5.0 3.5 0.7 3.4 0.7 3.5 0.7 3.4 0.7 
P2 4.0 4.1 1.0 4.5 1.1 4.1 1.0 4.5 1.1 
P3 4.5 4.2 1.0 5.0 1.1 4.2 1.0 5.0 1.1 
P4 4.3 3.3 0.8 3.6 0.9 3.6 0.8 4.3 1.0 
P5 5.0 2.8 0.5 2.2 0.4 2.5 0.6 2.9 0.9 
Pruning to beginning of bud burst (P1) – beginning of flowering (P2) – fruit set (P3) beginning of veraison 
(P4) – harvest (P5).  
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Table 4. Gross amount of irrigation water (Wg), accumulated crop evapotranspiration 
(ETc), soil water storage variation (∆S), amount of consumed water (Wc), irrigation 
efficiency (IE), application efficiency (AE) and water use efficiency (WUE) to cv. 
‘Syrah’ grafted on rootstocks 1103 P and IAC 572, and irrigated according to partial 
rootzone drying (PRD) and regulated deficit irrigation (RDI). 
 
 RDI / 1103 P RDI / IAC 572 PRD / 1103 P PRD / IAC 572 
Wg (m³ ha-1) 1463.3 1463.3 1200.0 1200.0 
ETc (mm)   425.7   381.4   418.2   530.3 
∆S (m3.ha-1)   208.2   171.1   141.9   191.6 
Wc (m³ ha-1) 1401.6 1258.5   984.2 1260.0 
IE (%)     83.9     77.0     73.3     90.5 
WUE (kg m-3)       3.2       3.2       3.6       4.1 
*between pruning day and harvest 
 
 
 
 
 
 
 
Table 5. Yield and bunch and berries characteristics of grapes cv. ‘Syrah’ grafted on 
rootstocks 1103 P and IAC 572, and irrigated according to partial rootzone drying 
(PRD) and regulated deficit irrigation (RDI). 
 
 RDI PRD 1103 P IAC 572 
yield (kg ha-1) 5286.8 a 5187.4 a 4774.0 a 5700.2 b 
bunch (plant-1)     27.0 a     25.5 a     25.4 a     27.1 a 
average bunch weight (g)   100.9 a   111.1 a      93.1 a    118.9 b 
average berries (bunch-1)     92.6 a     92.8 a      93.6 a      91.7 a 
average berries weight (g)       1.1  a       1.2 a        1.0 a         1.3 b 
TSS (o brix)    19.9 a 20.0 a    19.4 a     20.5 b 
TTA (% tartaric acid)       0.90 a 0.87 a      0.90 a       0.87 a 
anthocyanins (mg 100g-1)  206.71 a 217.53 a   204.82 a   219.42 a 
phenols (g 100g-1)      0.22 a 0.27 b      0.23 a      0.26 a 
Values followed by the same letter in factors (RDI and PRD) and e (1103 P and IAC 572) did not differ by F 
test (P>0.05). 
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Figurese 
 
 
 
 
 
 
Fig. 1. Effects of irrigation strategies (PRD and RDI) and rootstock (IAC 572 and 1103 P) 
on diurnal changes in leaf water potential (Ψleaf), photosynthesis (A), stomatal 
resistance (rs), and transpiration (E) of cv. ‘Syrah’, in a sunny day at 106 days 
after pruning (ripening period). The values are means ± se. 
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